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ON  NERVE-ENDINGS  IN  MUSCLE. 
A  NEW  THEORY  OF  LYMPH-FORMATION  AND OF GLANDULAR SECRETION. 
BY CHR.  SIHLER~ PH.  D.,  M.  D.,  CLEVELAND~ O~IIO. 
Taking leave of the Johns  Hopkins  University in  1880,  where I 
had spent three of the most satisfactory years of my life, I  set myself 
the  task  to  investigate the  submaxillary gland  in  order to  find  the 
terminations  of the  chorda  tympani.  The  reason  for  this  was  the 
importance  of  that  nerve  to  physiology.  To  those  not  interested 
particularly  in  physiological  questions,  I  may  say  that  the  chorda 
tympani may be looked upon as the key to solve the question of the 
act of glandular secretion as well as  of lymph-formation in general; 
and  as  the  anatomical arrangements of the  submaxillary gland  and 
its nerves are such that physiologists can undertake  experiments on 
these nerves with  very clear  and  lucid  results,  it  is  of  course very 
desirable that it should be clearly understood which tissues are really 
influenced and made W act when the  chorda is  subjected to  electric 
stimulation. 
As nineteen years have now passed by since I  attacked this problem, 
and as I  have devoted all my spare time--so far as original investiga- 
tion is concerned--to this and allied questions, I  consider it not out of 
place to  report my results  as briefly as  possible,  particularly  as  my 
investigations have brought out facts which have not found a place in 
our  anatomico-physiological conceptions,  and  as  the  views  which  I 
have been forced to adopt are by no means in harmony with the his- 
tological and physiological teaching of the present day. 
Of  one working on the  nerve-endings of the chorda,  it  will  very 
properly be expected that he make himself familiar with the endings 
of other motor nerves, particularly those in muscle; and this I  have 
done in the hope of finding here histological facts which would throw 
some  light on the nerve supply of the gland.  In muscle tissue  we 
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find three kinds  o~ nerves:  those  going to  the  muscle  spindles;  the 
~otor nerves proper ending on the muscle fibre;and the nerves going 
to  the  capillaries  and  other  blood-vessels.  The  last-mentioned ones 
interest  us  directly,  the  motor  ones  indirectly,  and  these  will  be 
touched  upon  later.  The  former  can  be  found  by  treating  frog's 
muscle according to the acetic-acid-h~ematoxy]in method which I  de- 
scribed some years ago,  1 and which is published in Boehm and Oppel's 
handbook.  2 
Teasing  out  muscular  tissue,  one  finds  among  the  motor  nerve 
fibres fine non-medullated fibres, which can be traced to the capilla- 
ties.  The nerves running alongside of the capillaries can also readily 
be  found  with  medium  powers,  but  these  are  not  the  terminal 
branches.  With  the  immersion lens  there  can  be  seen  attached  to 
the capillary wall some still finer nerve fibres, which pass off from the 
fibres just mentioned.  These also  have their nuclei and differ from 
nerves running alongside of the capillaries by their small caliber and 
their  varicosities.  They  are  so  intimately  attached  that  it  is  not 
easy to trace any fibre a long distance, but their nuclei always reveal 
them. 
Although L. Bremer 3 pointed out these nerves some time ago, and 
although his description of them, so far as their connection with the 
capillary vessels  and their  appearance  is  concerned,  agrees  with  my 
own observation,  these  nerves  have not  found a  place  in  our  histo- 
logical reasonings, and perhaps it is just as well that they have not-- 
at least o~ the strength of Bremer's work, because his other statements 
about them I  consider erroneous.  K51]iker,  in his  "I-Iandbuch  der 
Gewebelehre "  (6th  edition)~  in the  paragraph  on  the  sensory  and 
vascular  nerves  of  muscles,  discusses  these  nerves  in  the  sterno- 
cutaneous muscle of the frog, but adds that regarding their origin and 
destination he has not been able to form any definite opinion.  This 
illustrates perhaps the state of our ]~nowledge about them.  Bremer, 
it is true, claims that they are branches of the motor nerves proper, 
1 Cleveland  M-edical  Gazette~  1894-5,  x~  p.  255;  and  Arch.  f.  Physiol.,  1895,  p.  202. 
The method is described also in the Zeitschr. f.  wiss.  Zoologie~  1900,  lxviii,  p. 3~3. 
Boehm and Oppel.  Taschenbuch der  mikroskopischen Technik.  Mfinchen,  1896. 
a Arch. f.  mikr.  Anat.~  1882,  xxi~ p.  663. Chr.  Sihler  495 
but  I  have  always found  that,  where  I  discovered  such  fine  nerve 
fibres free amongst muscle fibres, I  could find hidden  away, amongst 
the  motor  fibres,  some  fine non-medullated  fibrils,  from  which  they 
took their origin, and I  have never seen them branch off from a motor 
nerve, although one can readily understand how ]~remer came to make 
this statement,  so deceptive are the appearances in many instances. 
These nerves,  surrounding  the capillaries,  come from a  special set 
or class of nerve fibres, whose appearance would lead one to consider 
them as belonging to the vasomotor system. 
Further,  in regard to their connections in the periphery,  I  disagree 
also  with  Bremer,  who  says  that,  aside  from  connection  with  the 
motor nerves, they observe a strict seclusion, never leaving the vessel. 
Specimens from the  frog's tongue show that  these nerves form  con- 
nections with the sensory nerves, as the nerve fibres from the papillm 
can be seen to pass into the network of nerves surrounding the vessels. 
This fact would lead us to think  of them as sensory nerves. 
Lastly, if the nerves surrounding a  capillary are traced towards the 
centre, they can be seen to pass into the plexus surrounding the larger 
vessels.  Very  frequently  two  fibres  can  be  found  running  on  the 
walls  of  the  capillaries,  and  if  one  compares  the  nerve  supply  of 
striped muscle with that of the capillaries it can be seen that the latter 
are far more richly supplied with nerves than is striped muscle. 
Tracing the fibres of the chorda tympani in the submaxillary gland, 
I  came to the conclusion that the gland cells themselves are not sup- 
plied with nerve fibres, but that the terminal fibres are found on the 
capillary  vessels,  just  as  in  the  case  of  the  capillaries  of  muscular 
tissue, and that, therefore, those nerves of muscle which are analogous 
to the glandular nerves are not the motor nerves proper, but are those 
going to the capillaries. 
The important  fact which I  wish to point out in this connection is 
that,  inasmuch  as  the  chorda  is  considered  universally  as  a  motor 
nerve,  and  if  I  am  right  in  placing  the  nerve  terminations  of  the 
chorda  on the  capillaries,  it  would be  established that  the  capillary 
nerves are fed by motor trunks  and that their  function is of a  motor 
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To sum up the histological facts, then, there exists a vast peripheral 
network of fine nerves coextensive with the capillaries of the muscles 
and glands, which has connection with sensory nerves and into which 
motor-nerve  trunks  also  enter,  and  which  I  therefore  look  upon  as 
being sensory and motor at the  same time.  Whether  there  is  a  dis- 
tinction here between sensory and motor fibres, or whether any single 
fibre  may  be  both,  does  not  concern  us.  I  have  no  difficulty  in 
imagining  the latter to be the  case,  as every neurone,  whether  it  be 
called sensory or motor,  both receives and imparts  impressions.  We 
ought not without proof to apply conceptions pertaining  to the  well- 
selected  strands  of  fibres  in  the  spinal  cord  to  a  peripheral  plexus 
where  direction  has  little  to  say.  The  existence  of  such  a  plexus 
would  not support  the  hypothesis  that  the  entire  nervous  system  is 
made up of independent  neurones. 
What is the  significance of these nerves of the  capillaries,  what is 
their  functi(m?  Although  I  am  not so fortunate  as to  ha~e  at  my 
command  a  laboratory in which I  could experiment on these nerves, 
yet if we take into consideration  the  histological  facts together  with 
certain clinical observations and physiological experiments which have 
been made on these nerves, although without any accurate anatomical 
knowledge  about them,  we  have,  I  think,  satisfactory  evidence  and 
scientific support for the  hypothesis which I  shall  here  state  briefly: 
These nerves, so intimately  connected with  the  capillaries,  influence 
the  protoplasm  of their  walls  in  such  a  way that,  according  to the 
activity  of  the  nerves,  the  transudation  of  lymph  is  increased  or 
diminished.  :Further,  they take  cognizance  of local  disturbances  of 
a  chemical  or mechanical  nature,  and  in  response  to  local  causes of 
irritation  influence  the  capillaries  of a  part  to  pour  out  more  fluid 
and  act  in  the  interest  of  the  organ  in  quesgon.  As  increase  of 
lymph-formation and vasodilatation must, in the long run,  g(~ hand in 
hand,  it would seem reasonable to suppose that the nerve fibres going 
from the capillaries to the arteries and veins may exert an inhibitory 
influence  on  the  vasoconstrictors,  or  a  stimulating  one  on  the  vase- 
dilators, whereby a larger supply of blood is furnished to the irritated 
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I  will  now  enumerate  the  reasons  which  give  support  to  the 
hypothesis mentioned.  I  must premise, however, by way of explana- 
tion, that when I  speak  of increased lymph-production by the capri- 
]aries, I  consider that this is brought about not by simple increase in 
the caliber of the vessel, but by some specific action of the cells of the 
capillary wall--an activity as specific for these cells as contraction is 
for muscular tissue. 
(:[)  The first reason offered in support  of my hypothesis is  based 
upon our knowledge of the physiological properties of the capillaries 
as manifested in  processes  of transudation.  ~Iichael Foster  in  dis- 
cussing the problem of lymph-formation says that  "@e  condition of 
the vascular wall so profoundly influences the transit of material as to 
render the process very complex.  We may probably regard it as too 
complex to be compared even with filtration through a filter capable 
of widely chan~ng in texture from time to time and as more nearly 
resembling the process of secretion."  My views are in exact accord- 
ance with these words of this distinguished physiologist. 
In the familiar facts of muscular contraction we have unmistakable 
evidence that  it  is  possible  for  living tissue  to  experience the  most 
profound molecular changes through the influence of nervous action. 
Why should this not be possible far other tissues?  That very marked 
cllanges can take place in the capillary wall is evident from a  consid- 
eration  of  what  occurs  during  glandular  activity  and  during  the 
process of inflammation. 
ttowever glandular secretion may be brought about, it would seem 
impossible that the capillary wall should be wholly indifferent while 
the  saliva  and  other  secretions  are  poured  out  from  the  ducts  so 
promptly and abundantly.  There is  sufficient physiological, as  well 
as  pathological,  evidence to  indicate  that  we  cannot  look  upon  the 
capillary wall as containing physical pores  open to suction from the 
gland cells and to the direct action of the blood-pressure.  The vital 
condition  of the  capillary wall  must  be  different when  secretion is 
going on from that when this is not the case. 
Further,  when inflammation exists,  not  only are larger  quantities 
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puseular  elements  find their  way through  these  structures;  and  yet 
after the pathological process has run its course, the capillaries return 
to their  original  state,  thus  illustrating  what great  changes  can  take 
place in the cells of the walls of the smallest blood-vessels. 
(2)  A  second support  of the  hypothesis is to  be found in the  his- 
tological  facts  mentioned---the  enormously  rich  supply  of  nerves  to 
the  capillaries.  These  must  have  their  purpose,  and,  if  my  view 
that the chorda tympani ends on the  capillaries  should be confirmed, 
scarcely  any  further  proof  of  the  hypothesis  would  be  required. 
Although  my observations have  been limited  to  muscular  tissue  and 
the salivary glands, these two tissues are sufficiently representative to 
make it probable that the capillaries in other organs are supplied with 
nerves of a like character. 
(3)  When  the  chorda  tympan[  is  stimulated  the  saliva  appears  in 
Wharton's  duct under a  pressure which may be ~oTeater than  that  in 
the  carotid artery;  atropia  stops the  secretion even if, through  nerve 
stimulation, the vessels remain dilated;  and even after cutting  off the 
blood-supply, saliva is said to be secreted. 
To explain  these well-known facts,  simple  ~Tasodilatation  being in- 
sufficient, physiologists have called into service the  gland  cells them- 
selves and have ascribed to them nerves which are  supposed to incite 
the  gland  cells t(>  secretion  just  as  stimulation  of  the  motor  nerves 
causes  muscular  contraction.  The  internal  changes,  however,  in 
muscle  during  contraction  are  widely different  from  those  in  active 
glands, whose secretion is composed mostly of water. 
Let us analyze this assumption of the physiologists.  :Let us assume 
that the gland cells are provided with nerves and  that  some internal 
changes go on in these cells in consequence of their stimulation.  How 
can these changes influence the capillary wall, as no nerves pass from 
the gland cell to this wall,  and as in the  capillary  there  are no open 
pores  through  which  a  sucking  action  could  be  carried  on?  Upon 
this  assumption  I  see no  other  way by which the  capillary  could be 
influenced  to produce  more  lymph than  by supposing  that  it is  sen- 
sitive  to  the  state  of  concentration  of  its  surrounding  lymph,  and 
that greater concentration of this will induce the capillary to. pour out 
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To my mind the gland cells  are  not constructed to  furnish large 
quantities of fluid, they are not in immediate contact with the source 
of supply, while the capillary cell, with its fiat surface and thin walls, 
continually bathed with  serum  on  its inner  surface, would  seem  to 
be  made for such  a  purpose.  I  cannot  understand why gland cells 
should have their own nerves,  while an  independent action of these 
cells  manifested  in  the  formation  of  chemical  substances,  without 
J 
the production of fluid to wash away and dissolve them, would be  of 
no use to tile organism.  On the contrary, I  can see ~hat,  if provision 
were  made  to  have  large  quantities  of lymph poured  out  over  the 
gland cells, that this influence would act as a sufficient stimulation to 
the gland cell to transform some  of its  reserve  material into soluble 
matter and to push on the fluid received from the capillaries.  As the 
water  in  glandular secretions is to  be  aeeo.unted for  as  well  as  the 
dissolved  substances,  as  a  separate  nerve  supply  to  the  gland  cells 
seems to be physiologically  unnecessary, and as I  have satisfied myself 
of the existence, both in muscular tissue and in the salivary glands, of 
a  rich  supply  of  nerves  to  the  capillaries,  I  cannot without  better 
evidence than we now possess admit the reasoning of the physiologists 
on this subject as sound. 
(4)  The fourth point relates to the  results of experiments  on the 
branch  of  the  chorda  going  to  the  tongue.  The  ehorda  tympani 
coming frmn the  skull divides into two parts,  one  going to the  sub- 
maxillary gland, the other te the tongue. 
In  Cohnheim's  "Pathology,  ''40stroumoff's  experiment  is  men- 
tioned and discussed, and as I  consider it important and interesting, I 
shall introduce it here: 
"If,"  Cohnheim says, "the peripheral stump of the dog's cut lingual 
nerve  is  stimulated for  a  period  of time  by  induction currents  of in- 
creasing strength, the rapidly forming intense hypera~mia of the corre- 
sponding half of the  tongue is  accompanied by a  pronounced oedema, 
which, in about ten minutes after the beginning of the stimulation, is 
evident to the naked eye, and in the next ten minutes increases  uninter- 
ruptedly to a very considerable  size.  This very remarkable experiment, 
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about which I  have  been kindly informed  by M.  Ostroumoff, is indeed 
calculated to raise doubts whether all congestions, however brought about, 
are of equal significance so far as lymph-formation is concerned, and the 
more so as there are certain observations on man, for example, the rapid 
formation  of  urticaria  wheals,  due  to  undoubted  nervous  influence, 
which point only too clearly to the existence of intimate rdations betweert 
the formation of ~ymph and the innervation of vessels."  (The  italics are 
my own.) 
We  have evidence,  then, that  stimulation  of the branch of the 
chorda  going to the  submaxillary  gland  results  in  the  production  of 
fluid contained in Wharton's  duct and that stimulation  of the branch 
of the  chorda  going  to  the  tongue  likewise  produces  fluid,  which  is 
here contained in the lymph spaces of the tongue.  How it might  be 
expected that the formation of lymph by the different branches of the 
same nerve,  called forth  by the same agency, would be explained  on 
similar physiological principles as brought about by similar histological 
elements.  But  no;  in  the  case  of  the  gland,  while  the  vessels are 
allowed  to  supply  the  organ  with  more  blood,  the  gland  ceils  are 
summoned in order to explain the occurrence of the fluid in the duct; 
while in the case of the tongue an ill-deflned vasomotor action has to 
account for the accmnulation  of fluid in the lymph spaces. 
If it is considered possible that,  in consequence  of the  stimulation 
of gland  cells by hypothetical  nerves,  these  cells  can  not  only form 
mucus,  but produce from somewhere large  quantities  of fluids, why, 
I  would ask,  may it  not be assumed that  nerves  that  can  be  demon- 
strated can incite the cells of the capillary walls to increased transuda- 
tion  of lymph,  which  passing  to the  gland  cells  will induce  them to 
add  their  chemical  product  to  it,  while  retaining  the  albuminous 
matter,  and  to  pass  both fluid  and  product  on  into  the  ducts.  This 
hypothesis  demands  no  new  conceptions,  but  merely  a  transference 
of  accepted  physiological  doctrines  from  the  gland  cells  and  their 
problematical  nerves  to  the  cells of the  capillaries  and  their  demon- 
strated nerves.  OstroumofFs experiment on the chorda branch going 
to  the  tongnm  demonstrates  plainly  that  the  increased  flow of  fluid 
from the vessels into the tissues can be accounted for without assum- 
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(5)  Further  support for the views here  advocated can be found in 
experiments  made  by  Rogowicz s  under  I-Ieidenhain's  direction  to 
clear up the  connection between vasodilatation  and lymph-formation. 
tie  shows  by  actual  measurements  that  all  forms  of  dilatation  are 
followed by an increased flow of lymph.  This  fact does not interest 
us here particularly,  as this increase might be explained simply by the 
larger  blood-supply  to  the  part.  Another  experiment,  however, 
which he instituted in order to get an insight into the promptness with 
which an increase in lymph-transudatlon  is brought about by stimula- 
tion of the chords of the tongue, is of more interest to us.  "  While," 
says Rogowicz, "the  lingualis was being stimulated,  a  saturated solu- 
tion  of  sulph-indigo-carmine  was  injected  into  the  saphenous  vein. 
The aspect of the  tongue under  these circumstances is most remark- 
able, while the circulation  of the blood on the side of the tongue not 
stimulated is yet in a normal condition.  The half of the tongue cor- 
responding to the stimulated lingual nerve takes on a deep blue color 
in a very short time,  and that,  too, at a  point of time when the other 
side presents  only a  pale  blue hue.  If  the  injection  is now  discon- 
tinued this difference in coloring will continue  for quite a while.  It 
depends  on  a  more  rapid  filtration  of lymph  into  the  tissues  of the 
stimulated half of the tongue."  Rogowiez then explains that the blue 
color is not due to the coloration of the blood, which remains red, but 
that the coloring matter  is in the connective-tissue spaces throughout 
the tongue, as can be seen ill transverse section through  the hardened 
tissue.  This  very  prompt  and  energetic  lymph-formation  could 
hardly be explained  by simple  dilatation  of the  arteries. 
Of further importance to us here are other facts brought out in the. 
course of these experiments.  Rogowicz found that after injection of 
curare the production  of lymph may be increased three to four times, 
without  any  apparent  increase  of the blood-supply,  as,  for  example, 
from 35 ec. to 115 cc., and from 81 cc. to 240 cc.  We thus see that 
with  a  stationary  blood-supply  lymph-formation  can  be  increased. 
On the other hand,  the  experiments  on the  submaxillary  gland have 
shown that  atropia will prevent the formation  of lymph even if vaso- 
dilatation  is brought  about by nervous influence. 
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(6)  tleidenhain 6 in his researches on the pseudomotor contraction 
of  the  tongue  has  made  some observations  which  speak  strongly  in 
favor of the view defended in this paper.  Searching for the cause of 
the  contraction  of the  tongue,  the  muscle  fibres  of which  had  been 
made  hyper~esthetic  through  section  of the  hypoglossal  nerve  some 
davs previously, he found that stimulation of the chorda, which under 
these conditions causes contraction of the lingual  muscles, was always 
followed by hyper,'emia of the tongue.  Heidenhain's surmise that the 
immediate  stimulus to the  muscle contraction  is an  increased  flow of 
lymph  was  supported  by  the  subsequent  experiments  of  Rogowicz 
made  under  his  direction.  Under  the  conditions  here  present  even 
physiological salt so.lution,  towards which normal muscle is indifferent, 
will produce active muscular  contractions. 
The  two facts,  however,  which  are  of most  importance  to  us  are 
that, when Heidenhain had clamped the arteries supplying the tongue, 
stimulation  of  the  chorda  still  produced  contractions,  though  of 
diminished  force,  as  might  be  expected,  and  only for  a  short  time; 
and  that  these contractions would take place upon stimulation  of the 
chorda  before  any  visible  hypermmia,  indicating  a  pouring  out  of 
lymph from  the  capillaries,  had  set  in.  Heidenhain  says in  closing 
the discussion: 
"After  these  observations it  does not  seem improbable that  a  rapid 
increase  in  the  amount  of  fluid  saturating  the  tongue  may be looked 
upon as the  cause of the  contractions  of the paralyzed  muscle.  But  I 
must lay particular stress on the point, that I have not offered convincing 
proof for this  assumption ....  Above all,  the evidence is lacking that 
even after interruption  of the  circulation  in  the tongue  stimulation  of 
the chorda can produce a transudation  of lymph." 
Regarding  this  last statement,  it  seems to me that  the  occurrence 
of muscular contractions due to stimulation of the chorda furnishes the 
evidence for lymph-formation through  action of the  capillaries them- 
selves.  When  the  arteries  are  clamped,  the  chorda  can  influence 
nothing  else but the capillaries,  and as it has been shown,  on the one 
~Arch. f. Physiologie, Suppl.-Bd., 1883, p.  133, and Rogowicz, Pflfiger'sArchiv,  1885~ 
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hand,  that  lymph-formation  can  be  induced  without  increase  of 
blo.od-supply; and, on the other hand, that these degenerating muscles 
of the tongue respond even to such feeble stimulation as injections of 
normal  salt,  it  seems  justifiable  to  regard these  contractions  as  an 
evidence  for  ]ymph-transudation  brought  about  by  activity  of  the 
capillaries. 
At any rate, the proof for this function of the capillaries is a good 
deal stronger than that now considered sufficient to  explain the pro- 
duction of the watery parts of the saliva ~oy action of the gland cells 
and their hypothetical nerves.  When the high pressure in Wharton's 
duct, the action of atropia,  the secretion of saliva after severance of 
the head, are adduced to demonstrate the activity of the gland cells, 
it  must  not  be  forgotten  that  not  only  the  gland  cells  and  their 
hypothetical nerves,  but  also  the  capillaries  and  their  real  nerves, 
should be  taken into  account as factors in  the phenomena.  In the 
case,  however,  of these contractions of degenerating muscles in  the 
tongue, with arteries clamped and chorda stimulated, we have to  do 
solely with the capillaries and their nerves.  ~Ve can exchide every- 
thing else.  No one has ever separated under analogous circumstances 
the gland cells in order to see what function they can then perform. 
(7)  Attention  may be  called  also  to  injuries  of the  cornea by  a 
foreign body or other irritant, as throwing light on the character of 
our nerves.  When the fundamental experiment of Cohnheim is car- 
ried out on the mesentery and the changes in the capillary walls are 
observed, these are at present usually explained by the injury directly 
inflicted on the capillaries.  But when a piece of steel in the centre 
of the cornea sets up not only a violent injection of the conjunctival 
vessels, but also an increased flow of lymph and an emigration of white 
corpuscles, we cannot explain these phenomena by a  direct injury to 
the vessels.  If,  as generally believed, a  change in the walls of the 
capillaries  is  necessary to  explain  the  emigration  of  white  blood- 
corpuscles in inflammation, then we have here an illustration of the 
influence of sensory nerves upon the nerves of the capillaries, and not 
solely such an influence upon those of the arteries and veins. 
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theory of secretion, which imposes upon the  gland  cells the function 
of drawing the necessary amount of fluid from the blood~ and passing 
it into the duet, points out an apparently very serious objection to this 
theory in  the  cedema which  takes place  when,  the  ducts  of the sub- 
maxillary being tied, the chorda is stimulated.  He says: 7 
"This  phenomenon  seemed  to  be  irreconcilable  with  any  form  of 
attraction-hypothesis,  and  to  be in  favor  of a  propelling  force for the 
stream  of  fluid,  a  force  independent  of  the  gland  ceils  and  set  into 
action  by nervous  influence.  But  there  is  one  explanation  which  had 
previously escaped me in  spite  of all  my efforts to  find  one.  As  soon 
as the (edema begins to develop the tension of the connective-tissue cap- 
sule surrounding the gland increases to a high  degree, which must have 
the effect of compressing the veins which pass through the capsule.  Thus 
the artificial filtration-(edema causes, through the difficulty it establishes 
for the escape  of blood from the gland, an cedema due to passive venous 
congestion  (StauungsSdem),  which  becomes greater  as  the  stimulation 
of the chorda increases the blood-pressure in the capillaries." 
As bearing upon Iteidenhain's  explanation,  the following questions 
seem pertinent: 
(a)  How is that part of the (edema explained which sets up such a 
very marked  tension in  the  capsule  that  it  shuts  off the  circulation? 
Would  not  this  interfere  with  the  whole  process  of  secretion  when 
little  or i1o fresh blood can pass through  the gland? 
(b)  What  evidence is there for such constriction  of the veins~. 
(c)  Would  not the  gland  cells,  as  soon  as they found  an  impedi- 
ment to the passing on of the water which they had taken  out of the 
blood current,  cease their  activity, so that  such an (edema. would not 
take place? 
(d)  Would it not be more satisfactory to explain this (edema in the 
gland  in  the  same  way as  Cohnheim  and  Ostroumoff  explained  the 
(edema  of the tongue after  stimulation  of the  ehorda branch,  where 
there is no impediment to the outflow of blood through the veins? 
IIeidenhain  and  other  physiologists  have,  so  far  as  I  am  aware, 
never considered nor mentioned  the theory which  we propose,  and I 
think for several reasons: 
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First.  Physiologists  ha~e  been  so  impressed  with  the  analogy  of 
glandular  secretion to  muscular  contraction  that  they have  assumed 
without sufficient evidence that motor nerves of glands exist and excite 
the gland cells to activity. 
Second.  It has not heretofore been established that the capillaries 
are richly supplied with nerves and that these are of a motor character. 
Third.  In  speaking  of  vasomotor  activity,  the  functions  of  the 
larger  vessels and  those  of the  capillaries  have not been clearly  dis- 
tinguished from each Other. 
While  the  fac~s and  arguments  which I  have  thus  far  considered 
seem  to  me  to  speak  strongly  for  an  independent  activity  of  the 
capillaries under the control of the nervous system, the decisive point 
to be established is whether the chorda terminates in the submaxillary 
gland  on  the  capillaries  and  not  in  the  gland  cells.  The  establish- 
ment of this point would outweigh in importance all of the other con- 
siderations adduced, as the chorda tympani is acknowledged to possess 
motor  characters.  It  is,  therefore,  important  to  give  shortly  some 
reasons  why  I  believe  that  the  chorda  tympani  terminates  on  the 
capillaries. 
In this connection,  as will appear,  a  true  knowledge  of the  motor 
nerve endings in muscle is of importance.  The present teaching about 
motor  ending~  in  muscle is that  the  end  fibrils  penetrate  the  sareo- 
lemma  and  as  naked  end-fibrils  come  into  contact  with  the  muscle 
substance.  ~¢[y  investigations  have led me to a  different  conclusion. 
I  find that the motor endings remain on the outside ef the sarcolemma, 
and, except at the surfaces, where muscle and nerve come into contact, 
are  covered with  the  strong  sheath  of  Schwann  which  has  its  own 
nuclei.  What may be the exact condition of things at the points where 
muscle and nerve fibre are in actual contact--whether the sarcolemma 
and neurilemma  are wanting there,  or perforations exist,  or whether 
electrical  phenomena  observed  in  nervous  activity  can  be  used  to 
explain  the;  processes  going  on  there--I  cannot  say.  The  precise 
relation of muscle to nerve here is an unsolved and difficult histological 
problem. 
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of  my  views  concerning  these  nerve-endings.  ~[uch  of  it  I  have 
brought forward in  other papers, ~ but a  few points  may be here  ad- 
duced.  The important fact is that these motor endings have their own 
nuclei.  Formerly  these nuclei  ga~e  no  trouble  to~ the  advocates  of 
the  so-called hypolemmal  theory,  as  one  could  consider  them  as  be- 
longing to the  axis cylinder.  :But now when we know that  the  axis 
cylinder is a  process of a  cell in the  brain,  spinal  cord or one  of the 
ganglia,  and  that this process possesses no nuclei of its own, we must 
ascribe  the  nuclei  in  the  nerve-endings  in  muscle  to  the  sheath  of 
Schwann, and why should we not ?  They agree in appearance with the 
nuclei  of other fine  nerves,  where there  is  no question  but  that  the 
nuclei  belong to the  sheath  of  Schwann.  :But if this  sheath  is  con- 
tinued  over the  end fibrils,  its presence would prevent direct contact 
between nerve substance and muscle, even if the endings were placed 
beneath  the  sarcolemma. 
Lately, it is true,  Ituber and De Witt ~ have announced that  these 
end  fibrils  are  devoid  of nuclei,  although  Kiihne  and  KSlliker  have 
described  them.  The  advocates  of  the  hypolemmal  theory  should 
rejoice  at  this  discovery,  inasmuch  as  the  presence  of  these  nuclei 
would deal the death-blew to that  theory.  I  cannot here  enter into 
a  criticism  of this observation of Huber and De Witt,  and  will only 
say that  I  have seen these  nuclei  attached  to  the  end  fibrils  in  hun- 
dreds of perfect specimens and that I  consider the evidence advanced 
by these investigators as inconclusive and their methods as inadequate 
to settle this point. 
Further  evidence  for  the  epilemmal  position  of  the  end  fibrils  is 
furnished  by a  class  of nerve  endings  in  the  frog's  muscle,  not  de- 
scribed in the text-books.  Itere we find not only the form described 
in  the  text-books,  but  also  a  variety  of  other  endings.  There  are 
terminal branches of non-medullated nerve fibres, which,  after attach- 
ing themselves to a muscular fibre for a  little distance,  form  an arch 
quite free from the fibre, again come into contact with the muscle and 
then, perhaps, form a second arch, and so on.  The nuclei may be found 
SArch.  f.  mikr.  Anat.,  1895,  xlvi,  p.  709;  1900,  lvi,  p.  334,  and  Zeitschr. f.  wiss. 
Zoologie,  1900~ lxviii, p. 323. 
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as well on the free arch as on the attached portion of the nerve fibre. 
There  are  other forms where these arches grow smaller,  but the  fes- 
tooned arrangement can still be recognized.  Now these arches, whether 
large  or small,  show clearly where the end fibre is  situated,  for it is 
impossible to place them under  the  sarcolemma,  and  it would be an 
unwarrantable  assumption te suppose that in one case the nuclei and 
end fibrils are above the sareolemma, and in the other under it.  The 
forms with small arches have been misunderstood both by Kiihne  and 
by  Bremer.  Kiihne  described  them  as  artefacts  due  to  the  gold 
method,  and  at  the  same  time  inconsistently  spoke  of  them  as  a 
special class of atypical endings occurring  more frequently in certain 
parts  of the body than  elsewhere. 
The hypolemmal theory was announced  many years age when the 
methods were very imperfect,  although  they yielded valuable results. 
I  would here point out that  a  figure in  Stricker's l=[andbook,  1° which 
has  been  copied  into  many  text-books,  is  erroneously  interpreted. 
The  nuclei  which  are  ascribed to  the  sheath  of  Schwann  are  really 
those of Henle's sheath, so that according to this figure I-Ienle's sheath 
is made to pass with the terminal fibres through the sareelemma.  If 
the methods o~ that day failed to distinguish  such an important point 
as this, is it likely that they sufficed to determine  such a  delicate and 
subtle  matter  as  the  precise  relation  of the  end  fibrils  to  the  sarco- 
lemma?  It is true that Kiihne  says that in profile views the  passing 
of the sheath of Schwann into the sarcolemma can be observed with- 
out  difficulty,  but  I  have  examined  hundreds  of  good  specimens 
and  have never  been  able to  convince  myself of this,  while,  on  the 
contrary, I  have seen many facts inconsistent with this view.  I  have 
shown  in  recent  papers 1~  that  in  the  frog  and  in  the  small  muscle 
fibres of the  snake  Henle's  sheath is open at the  end,  thus  allowing 
the cerebrospinal fluid to escape, and that in other animals this sheath 
extends over the  end fibres and assists in forming Kiihne's  "  Sohlen- 
substanz." 
These  ivy-llke  forms  of  nerve-ending  in  the  frog  further  show 
Io Stricker's Handb.  d.  Lehre yon. d. Geweben, Bd. i, p. 154,  Fig. 35.  Leipzig, 1871. 
nArch,  f. mikr. Anat.,  1900,  lvi,  p.  350,  and  Zeitschr.  f. wiss.  Zoologie s  1900~ lxviil, 
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that  nerve  fibres may influence  muscle not  only at the  places where 
they actually  terminate,  but  also  at places where  they merely  come 
into  contact with  the muscle,  the  fibre itself passing  on to a  second 
mnsc]e  fibre  and  so on.  This  view  of  the  motor  nerve-endings  in 
striped  muscle is of general importance,  as it indicates  that  in  other 
situations  cells  may  be  influenced  by  similar  contact  with  nerves 
without  the  presence  of naked  end fibrils.  I  therefore consider the 
plexus of fine nerves  found in  smooth  muscle and  built  like  certain 
motor endings in striped muscle, as the " nerve-endings"  of this class 
of muscle,  and  consider it futile to look for a  nerve-ending  for each 
plain muscle-fibre cell. 
To  return  to  the  submaxillary  gland,  I  consider  that  there  are 
sufficient  analogies  to justify my interpretation  of the  nerves  which 
I  have found there in connection with the  capillaries,  as the termina- 
tions in this  organ of the chorda tympani,  for there  is agreement  in 
histological'  details  between  these  nerves  and  nerve  terminations  in 
plain  and  striped  muscle,  as  well  as the  nerves  of the  capillaries  in 
muscle.  If one  stains  with  ]~eale's  carmine  a  small  but  sufficiently 
large piece of the gland to contain all the structures, and presses it out 
carefully, among the various nuclei four kinds can be distinguished: 
those of the gland cells, those of endothelial cel]s of the capsule, those 
belon~ug to the capillaries, and other nuclei just outside of the capil- 
laries;  these  last  are  the  nuclei  of the  nerve  fibres  clinging  to  the 
capillary wall.  While I  am able to demonstrate nerves going to the 
capillaries, I  have failed to find nerves going to the gland cells.  I  am 
aware that Dogiel, 12 Huber is and others have reported finding nerve 
endings on the cells of certMn glands, as the lachrymal and submaxil- 
lary.  The correct interpretation,  however, of the pictures presented 
in  specimens  treated  by  the  methods  employed  by  these  observers 
seems to me to be still  doubtful, and in view of my negative  results 
on this point I  am not prepared to accept their conclusions. 
Since my first publication,  over fifteen years ago,  on the  structure 
and nerves of the submaxillary gland,  and of muscle, 14 the conclusions 
leArch, f. mikr. Anat., 1893,  xiii,  p.  632. 
13Journal of .Experimental  Medicine,  1896,  i, p.  281. 
14 Studies  from  the  Biological Laboratory  of the Johns Hopkins University, 1884, 
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then  formed  have  been  confirmed  by  the  application  of  my  new 
method which shows that the nerve supply of the  capillaries is  rich 
enough to be  lool~ed upon  as  the  termination of the  chorda.  Still 
further confirmation of my views has been afforded by study of the 
capillaries  of muscle.  At  that  time  I  advanced the  theory  of  the 
independent activity of the  capillary wall and its importance  in the 
production  of  lymph,  and  suggested that  these  real  nerves  explain 
all the experimental facts fully as well as do the hypothetical ones on 
the gland cells. 
Although I  hate  never  seen the  theory which I  propose  in  this 
paper  offered before, it seems to have been  foreshadowed by Cohn- 
helm, as will appear from the following extracts from his "Pathology." 
I  have italicized certain passages to which I  wish to call special atten- 
tion.  Discussing the theory of inflammation, Cohnheim 1~ says: 
"But if it is impossible at the present day to give a more accurate defi- 
nition of this alteration  [that in the walls  of the blood-vessels  during 
inflammation]  no  blame  can  be  attached  to  us,  the  pathologists,  on 
account  of  the  obscurity  in  which  even  the  normal  process  of  trans- 
udation is  at present  involved.  Nobody can  assign the  cause for the 
different chemical composition of the transndates in the different regions 
of the body; nobody knows with certainty on what condition it depends, 
that the vessels of the pleura and pericardium secrete  a transudate which 
is so much more concentrated than that of the vessels which furnish the 
cerebrospinal  fluid.  Every  day  some  new,  astonishing  evidence  pro- 
sents itself showing, on the one hand, what an important influence the 
walls of the blood-vessels  exert on the vital functions and, on the other, 
how energetically they react to all sorts  of injuries.  That through their 
activity the  caliber  of the vessels  can be  increased  or  diminished is  a 
well-known fact, and has been taken into account both by physiologists 
and pathologists.  But since it has been shown in Ludwig's laboratory that 
curarized  animals  produce  lymph  of  higher  concentration  than  the 
normal, does  not this fact point  to relations  of  a  quite  different  character 
between  the  vascular  walls  and  the  blood-current?  If the  skin  of  a  dog 
assumes  a red color  after an injection of curare into a vein, we are not 
very much astonished, as we are accustomed to ascribe  to curare a para- 
lyzing or a stimulating influence on the vascular nerves.  Through this 
15 Op. cit.,  i,  p.  282. 
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well-known action,  curare  cannot, however, exert an influence on trans- 
udation; but why should it not be able to act oll other constituents of the 
vascular  wall  than  solely the  nerves  of  the  mtiscle-fibres ?  Why  not 
directly  on those that  are  instrumental  in  the  process of transudation, 
even if these are  as  yet  unlcnown to  us?  It  is  possible  that  nerves  come 
i~to play here or that 'r~erves can exert  at  least  an important influence  on 
the process  of transudation, as has been long established for a number of 
secretions  and  recently  also  for  the  blood-vessels  of  the  tongue  by 
Ostroumoff's experiment.  Further  striking  evidence for  the  view that 
the  nervous  system  can  influence  tl~e qualities  of  the  vascular  walls in  a 
quite  different  way  than  by  simply  acting  on  their  contractility  is  fur- 
nished by the rapid onset of (edema in the paralyzed extremities, repeat- 
edly observed in cases of acute myelitis, and also by Gergens' demonstra- 
tion that the blood-vessels of frogs whose spinal cord has been destroyed, 
allow much larger quantities of fluids and even pigment granules to pass 
through  their  walls  than  is  the  case  with  frogs  with  normal  medulla. 
Who  would venture  to  decide in  the  present  day whether  or not  such 
specific  nervous  arrangements  situated  in  the  vascular  walls  themselves 
come into play also in the process of inflammation? " 
It is evident from this quotation that  Cohnheim  recognized the in- 
adequacy of limiting the influence: of nerves upon blood-vessels merely 
to an  effect upon the caliber of the vessels, and  that  he brought  for- 
ward strong arguments for the view that  the  nerves must be. capable 
of exerting also other influences upon the vascular walls,  especially in 
the  production  of  lymph  and  in  inflammatory  processes.  I  have, 
therefore,  great  satisfaction  in having  pointed  out,  and~  I  hope,  cor- 
rectly described  those  nerves which  Cohnheim  saw with  his  mental 
vision,  and  I  think  I  may  say,  without  assuming  too  much,  that, 
rightly  interpreted,  there  is  here  entire,  harmony  between  physio- 
logical theory and anatomical facts. 
It may have  occurred  to the  reader  that  in  these  nerves we have 
at last found the nerves of nutrition,  which have always very properly 
been bowed out of the front door by the theoretical  men  and  just as 
often  been  called  in  at  the  back  door  by the  practical  men,  but  I 
eanno.t on this occasion follow up this theme farther. 
I  regret  that  in the  absence of the  reqMsite laboratory facilities I 
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ing on the questions discussed.  I  should especially like to repeat the 
experiments  on  the  chorda  of  the  tongue  of  dogs  anmsthetized  by 
water  pressure  on  the  brain  by ]~emp's  method,  so  that  no  drugs 
would  have  touched  the  peripheral  nerves.  I  would  then  try  the 
action  of atropia  on the  nerves  of the  tongue  and  see if the  fovma. 
tion of the (edema could be thereby prevented,  as is the secretion by 
its action on the nerves of the submaxillary gland.  If thst should be 
the case we would have further proof of the correctness of our theory. 
I  need hardly say in conclusion that I  am well aware of the conflict 
between the  views here  presented  and  the  current  teaching  in text- 
books, as well as the  results  reached by many eminent  investigators. 
I  am glad, however, to find my conclusions so largely in accord with 
the opinions of KSlliker and of Cohnheim. 
In justice to  myself, I  wish to  say that  I  am  still  open to  convic- 
tion regarding  the  existence of nerves going to the gland  cells.  :But 
regarding  the  formation  of lymph  and  the  regulation  of its flow, it 
seems to me that the histological and physiological conditions for this 
function must exist, and be about the same, all over the body. 
COI~CLUSIOI~S. 
1.  The  endings  of the  motor  nerves in  striped  muscle  remain  on 
the  outside of the  sarcolemma.  Aside  from  the  surfaces  of contact 
of muscle  and  nerve  fibre,  the  end  fibres are  covered down to  their 
tips with the sheath  of Schwann and are provided with nuclei.  The 
precise  condition  of  things  at  the  places  of  contact  of  muscle  and 
nerve is an unsolved problem o.f histology. 
2.  The  ivy-like  or  festooned arrangement  of motor  nerves in  the 
frog's muscle has been misinterpreted.  Properly interpreted  it dem- 
onstrates  that  the  nerve fibres that  are to influence  the  muscle fibre 
are  not naked  and  that  they need  not be end  fibres.  It  shows .that 
mere  contact  between  muscle  fibre  and  nerve  fibre  is  all  that  is 
necessary. 
3.  The sheath of tten]e in the frog and in the smaller muscle fibres 
of the snake is open, thus permitting  escape of the cerebrospinal fluid. 
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motor nerve and the cells lining  it  envelop the  end fibrils.  I find 
that  the so-called  " Sohlensubstanz"  of Kiihne  is  derived from the 
cells of Henle's sheath. 
5.  The terminal nerves in smooth muscle form a network entwining 
the bundles of muscle fibres.  I  consider it improbable that each plain 
muscle fibre has a special terminal nerve fibril. 
6.  In muscular tissue fine nen-medullated nerves, probably belong- 
ing to the centrifugal, vasomotor system, proceed from the fasciculi of 
motor nerves.  These nerves can be traced directly to a  network of 
nerves  surrounding  the  capillaries.  From  this  network  fine, 
nucleated, nerve fibres pass to the walls of the capillaries, with which 
they are very closely united. 
7.  The nerves supplying the capillaries  connect Mso with sensory 
nerves  and  with  nerves  surrounding  the  larger  blood-vessels,  both 
arteries and veins. 
8.  The branches of the chorda tympani in the submaxillary gland 
do not pass to the gland cells, but they terminate on the capillaries. 
9.  In muscular and glandular tissues--and perhaps throughout the 
body--there  is  a  vast  peripheral  nervous,plexus  belonging  to  the 
capillary blood-vessels.  These nerves of the capillaries,  which may 
perhaps be regarded as nutritive nerves, regulate the production and 
transudation of lymph, and are concerned in the mechanism of glandu- 
lar secretion.  They may be called into  activity both by peripheral 
influences and by impulses received from the central nervous system 
and  the  sympathetic  ganglia.  They  may  influence,  through  their 
connections with the vasomotor nerves on the arteries and veins, the 
blood supply to a part. 